Modern History Views and Reasons to Accept Them.
I will concentrate on two views that require selection to have acted recently (or to have been expected to have done so (Griffiths 1992 (Griffiths , 1993 ) in order for a trait to have a proper function. Both theories accept that multiple 1 Here and elsewhere in the paper, "trait" refers to a type of trait. A trait type contributes to survival and reproduction only if instances of the trait do so regularly in individual organisms.
Draft Copy: Do Not Cite or Circulate without Author's Permission P. Schwartz / p. 3 ideas of function are at work in biology and concentrate on the concept of proper function, i.e. the concept that carries the implication that there is an available evolutionary explanation for the trait (Griffiths 1992 (Griffiths , 1993 Godfrey-Smith 1994) . "Causal role functions," in contrast, many agree, were correctly explicated by Cummins (1975) and have no such implications. Millikan (1989) and Neander (1991) emphasize that the proper function of a trait, unlike its causal role function, plays a key role in determining whether the trait falls under biological categories like "heart" and in determining what states of the trait count as dysfunctional 2 . Neander (1991) presented an influential explication of proper function in terms of natural selection:
It is the/a proper function of an item (X) of an organism (O) to do that which items of X's type did to contribute to the inclusive fitness of O's ancestors, and which caused the genotype, of which X is the phenotypic expression, to be selected by natural selection.
(174)
This account and Millikan's (1984 Millikan's ( , 1989 ) similar one place no restriction on when the relevant action of natural selection occurred.
In contrast, Godfrey-Smith (1994) and Griffiths (1992 Griffiths ( , 1993 require the action of recent selection for a trait to have a proper function, and I'll consider their accounts here. Following Millikan (1984 Millikan ( , 1989 , Godfrey-Smith (1994) treats human hearts as a "family" of "members" whose properties are the result of "copying," and he presents the following definition of proper function:
(F3) The function of m is to F iff:
2 Recent critiques have argued that many biological categories organize traits by causal role function or homology (Amundson and Lauder 1994) , but it is still relatively uncontroversial that ones like "heart" are based on proper function. Godfrey-Smith's two main novelties are his requirement in (ii) that the members of the family T "are components of biologically real systems" and in (iv) that they have been selected "in the recent past." Griffiths (1992 Griffiths ( , 1993 states his version of the Modern History requirement in slightly different terminology. The important sort of selection for him is that which blocks "regressive evolution," i.e. changes which result when a trait no longer plays a key adaptive role, such as when a cave-dwelling species becomes sightless. He (1993) defines the notion of "an evolutionarily significant time period" for a trait as ... a period such that, given the mutation rate at the loci controlling T and the population size, we would expect sufficient variants for T to have occurred to allow significant regressive evolution if the trait was making no contribution to fitness. Griffiths' definition is slightly more liberal than Godfrey-Smith's since it doesn't require actual recent activity by natural selection: it is enough that natural selection "would have" acted if the mutation rate had not dropped "below expectation." The crucial fact for both theorists is that the selection was recent, and Griffiths (1992 Griffiths ( , 1993 emphasizes that such selection usually acts to maintain the trait in the population. Godfrey-Smith (1994) and Griffiths (1993) present three reasons to move from an account like Neander's to an MH view. The first, and probably most prominent, stems from the fact that the original selection for any trait may have favored an entirely different effect than the one which counts as the trait's current proper function. For example, theorists have suggested that feathers first became widespread because they allowed thermoregulation (Ostrom 1979) , only later being utilized for flight. Gould and Vrba (1982) This formulation leaves the distinction weak, but perhaps strong enough to make sense of the practice of biologists. Functional explanations will understandably emphasize effects with current survival value, since these effects will often be the ones that were recently favored by natural selection.
Third, Griffiths (1992 Griffiths ( , 1993 Griffiths (1992) and Godfrey-Smith (1994) recognize these P. Schwartz / p. 8 possibilities (as I will discuss below), they don't delve into the biological details or discuss the grave consequences for their theories, as I do here. The most serious problem is that in most cases biologists do not have sufficient data to rule out these circumstances. So, if their classification depends on a judgment about the recent action of natural selection, they can not be confident about the proper function of traits. In fact, I will argue below, biologists may have grounds to be much more confident about the action of natural selection in the distant past --especially when the trait was being modified rather than just maintained --than about its current action.
Natural selection only acts when there is "heritable variation in fitness" (Lewontin 1970; Endler 1986, 4; Sober 1993, 9) . For natural selection to occur at some time, three conditions must hold: S1) there is variation in the trait in question, S2) the variation is heritable, and S3) the variation in the trait results in a difference in fitness.
Requirements (S1) -(S3) serve most importantly to remind us that it's not so easy to know when selection is occurring. There are many obstacles to directly showing the existence of such heritable variation and fitness differences, and studies doing so are few and far between (Endler 1986 ). For most traits in most populations biologists simply do not have this data.
In addition, there are reasons why natural selection may decrease variation in useful traits. Beyond directly eliminating maladaptive genes, selection may favor genetic arrangements which reduce the risk of the trait's failing to be expressed, in a process called "canalisation" (Waddington 1959 ).
Given a trait X which makes a crucial contribution to survival and reproduction by doing F, natural selection will favor individuals with the lowest percentage of offspring and grandoffspring lacking the trait. Wagner Draft Copy: Do Not Cite or Circulate without Author's Permission P. Schwartz / p. 9 (1996) presents computer models of evolution where genomes evolve to suppress the phenotypic effects of mutations. Calling this effect "epigenetic stability," he writes, ... a quite indirect process is at work, in which genotypes with low epigenetic stability are eliminated from a population due to the large fraction of maladapted offspring they produce. A reorganization of the epigenetic system towards high stability to mutations takes place. (1018) There is even some empirical support for the idea that a trait's importance to fitness is correlated with resistance to changes. Stearns and Kawecki (1994) estimated the importance of various traits to fitness in drosophila, and then introduced a cause of random genetic change (a "P-element plasmid insert").
They found that the importance of a trait to fitness --the amount of expected change in fitness due to the trait's changing by 10% --was negatively correlated with the amount of variation seen in the offspring.
Admittedly, it's not clear how often such a process can completely eliminate heritable variation. And a more optimistic assessment of our knowledge may reason as follows: given a complex trait such as feathers and the ubiquitous occurrence of mutation and recombination, some individuals must have arisen recently with heritably inefficient feathers. But even with some heritable variation in a useful trait, another major problem arises: the trait may not be maintained for the right reasons. For example, individuals which are born with heritably worse feathers for flying may have died or failed to reproduce for reasons which have nothing to do with natural selection for efficient flight. Imagine that feathers of type p1 are ubiquitous in some species, and that, due to a mutation, individuals with feathers of type p2 arise, where from an engineering standpoint feathers of type p2 are worse Draft Copy: Do Not Cite or Circulate without Author's Permission P. Schwartz / p. 10 than feathers of type p1 at producing efficient flight (in this species). But p2 feathers may make their bearers more susceptible to hypothermia, or may less efficiently elicit feeding from parents, and these effects could kill off such individuals before they even have a chance to fly. Under these scenarios, the elimination of p2 feathers from the population would be due to their other effects, rather than their failure to allow efficient flight.
Similarly, pleiotropic effects of genetic changes may cause the elimination of some heritable variation. Consider genetic change g2 which would lead to feathers of type p2 in individuals surviving to adulthood: other effects of g2 may mean that individuals with feathers of type p2 will also have other maladaptive traits. Perhaps all individuals with p2 feathers can be expected to have malformations of some other ectodermal tissue.
Once again, if these individuals die before they have a chance to attempt (inefficient) flight, phenotype p1 would be maintained because of these other effects of g2, not because of the inefficiency of p2 feathers for flight.
This may sound like a far-fetched example, but when biologists investigate genes which they think play certain roles, they often find that they play other roles which are even more crucial. Cheng et al. (1995) and Turner et al. (1995) began their investigations of the Syk gene's function in mice to investigate the apparently crucial role it plays in the development of B cells.
They attempted to confirm this with a standard "knockout" experiment, i.e. producing mice lacking the gene (homozygotes for a "knockout" mutation) and looking for defects in B-cell development. The only problem was that most "knockout" mice died during development or just after birth, apparently because of the knockout allele's failing to carry out a role Syk usually plays in the development of blood vessels. Thus, Syk may be maintained because of its effects during development, rather than its effects Draft Copy: Do Not Cite or Circulate without Author's Permission P. Schwartz / p. 11 in the immune system. 4. Consequences for the Modern History View.
As mentioned above, both Griffiths (1992) and Godfrey-Smith (1994) recognize the possibility described in Section 3 but downplay it.
Godfrey-Smith (1994) application" (345). As mentioned above, one of proper function's key roles is justifying placing objects into categories like "heart," and a concept whose explication includes the Modern History requirement cannot play such a role:
biologists could almost never be confident that an organ should count as heart since they could almost never be confident that it was recently favored by natural selection for pumping blood.
Griffiths (1992) also recognizes the danger I have described, and also discounts it in formulating his definition of proper function. He repeatedly acknowledges that a trait which stops contributing to survival and reproduction may be maintained due to its performing some other function, such as playing some key role in embryology, or because "there is no genetic variation" (1992, 127; also see 122, 123, 125, 129) . But although he recognizes the problem, he provides little response; for example, he concludes his initial acknowledgment of the difficulty by writing, "How common this phenomena is must be determined by empirical research, rather than philosophical speculation" (123). While this is certainly true --only biological research can tell us the prevalence of non-selective maintenance of useful traits --it's unclear why this helps his account: it seems that a philosophical explication of a concept purportedly currently at work in biology shouldn't depict biologists as relying on assumptions which they don't and can't currently make.
Thus, the most that the MH account can claim is to have identified a sufficient condition for a trait's having a proper function F, a condition which it may turn out most such traits satisfy. The MH account could only claim to provide a conceptual analysis of proper function if biologists knew that they lived in the sort of world which would be produced if each trait had only one effect and each varied independently from all others. As Griffiths (1992) Draft Copy: Do Not Cite or Circulate without Author's Permission P. Schwartz / p. 13 writes about the assumption that any trait undergoes regressive evolution if it stops performing its proper function, "It is a neat picture. It would be nice if it were true" (129). But since the real world may deviate from this picture, the MH account falls seriously short as conceptual analysis.
5. The Continuing Usefulness (CU) View.
Both Griffiths and Godfrey-Smith cling to their MH accounts despite these difficulties because they see no other way that the etiological approach can handle the problems discussed in Section 2. But there may well be such a theory, which I will introduce here and call the Continuing Usefulness ( Like Godfrey-Smith's version of the modern history account, and unlike Griffiths', the CU account makes no attempt to define "recently"; despite arguable borderline cases, presumably most will be clearly recent or not.
We can quickly see that the CU account can handle the three problems that motivated the MH account. First, the CU theory assigns the correct proper function to traits, like feathers, that may have first arisen as 4 Condition (C2) most closely resembles the theory Neander (1991, 182-3, Fn. 12) mentions as a suggestion received in personal communication from both
Christopher Boorse and William Lycan. Feduccia 1996 , Norberg 1990 . Similarly for other prototypical traits with proper functions, such as bones: although bones may have first arisen as phosphate storage devices, the many aspects of their structure which are so efficient at supporting animals and serving as levers must have been fashioned at some point by natural selection for us to have any explanation
for their existence at all.
Second, the CU account describes a distinction between functional and evolutionary explanations much like the one described by the MH account:
functional explanations are a subset of evolutionary explanations since they concentrate on traits which still perform (or have performed until recently) the roles which were favored by natural selection. Third, the CU account clearly withholds proper functions from vestigial traits: although the eyes of naked mole rats were once favored for allowing sight, they haven't allowed sight recently. Finally, the CU account preserves the explanatory implications of proper function ascription: saying that X has the proper function F implies that a complete explanation of X's prevalence or form must mention X's being selected at some point for doing F.
Before presenting the formal version of his theory, Griffiths writes, "A trait is a vestige relative to some past function F if it has not contributed to fitness by performing F for an evolutionarily significant period" (1992, 128; 1993, 417; my underlining) . If we take "evolutionarily significant period" as meaning (roughly) "recently," then the CU account's condition (C2) rules vestiges functionless for the same reason. But Griffiths' (1992 Griffiths' ( , 1993 (C1) ) from the requirement of recentness (in (C2)).
Admittedly, the CU theory faces problems of its own, but none as dire as the ones facing the MH view. One problematic notion is the idea of a trait's "contributing" to survival and reproduction, in condition C2. A number of theorists have questioned how we can judge that, for example, feathers contribute to flight if they are not currently being maintained for aiding flight (Millikan 1993, 40; Godfrey-Smith 1994, 352) . Without delving too deeply into these worries, let me dissipate them. First, we can take "X's doing F contributes to survival and reproduction in individuals with X" as meaning that instances of X play a causal role function in individuals with X in generating the capacity to survive and reproduce. Both Millikan and Godfrey-Smith accept our ability to judge causal role functions independently of natural selection's occurring, so they shouldn't question our judging that traits have causal role functions of this sort in situations where maintenance selection is not occurring. Second, we often formulate hypotheses about the evolution of traits by first judging how they contribute to survival and reproduction in currently living individuals. Saying that we can't judge the former without judging the latter reverses the epistemological order.
An advocate of the CU view must admit that it relies on a prior distinction of parts of animals into traits, which cannot be cashed out in terms of evolution. For example, cases could arise where an evolutionary change Draft Copy: Do Not Cite or Circulate without Author's Permission P. Schwartz / p. 16 could be described as either the modification of an existing structure X --sanctioning attributing X the proper function F --or the creation of a second structure Y while leaving X unchanged, giving proper function F to Y, not X.
These will be cases where there can be a continued standoff over whether or not to attribute the proper function F to X. This possibility for ambiguity, though, may not arise that often: for example, in almost all cases it is clear whether to count a morphological change as a modification of the feather or a change in another part of the body. Splitting the animal up into traits may always remain a basic aspect of biological theorizing which cannot be formalized, depending as it does on perceptions of parts and wholes. Walsh (1996) writes, "The positive casual contribution that a trait makes to average individual fitness within a regime is just the property that the trait is (or was) being selected for in that regime" (565, my underlining).
Without a peculiar understanding of the terms "causal contribution" or "fitness," this is not strictly true.
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